C«vf. X)? 3h "\S <kS<i h\ 




(18) 




c9 

y) (id 



133 047 A 



(21) Application No 8898467 

(22) Dsta of filing ISEJcslSSJ 

(30) Priority date 

(31) 822108S 

(32) UBEtscfaga 

(33) FramsQ(GT&5) 

{43} Application publEshad 
18JM W&A 

(51) IOTCL? 
C21DU/S9 

(52) Domestic classification 
C7W 2A8 

(68) Documsrttscft&d 

US 3802828 
(W Reld of search 

C7N 

(71) Applicants 
PCUKFtodissta 
ClhlmCtguos Ugi 
KcohOnaoireoi 
(Franco) 
ToMB-fiflnntontaan) 

C95BQ7 Ftarfa La DgJoksoo 
Rots© 

(72) Jrtvontorc 

Jcan-iyJIIeaolI Staid 

(74) Agent and/or 

Addrasa for 8eivtes 

London VtfCI V7R© 



(54) 



byf 



(57) An agent for equeoue quenching 
of components of aluminium alloy*, that 
have bean previously raised to a 
temperature of at least 430°C comprises, 
par litre of wetor, from 5 to 35 g and 
preferably from 6 to 20 g of polyvinyl 
pyrrol idon e and from 50 to 250 g of an 
additive that causes reversible 
precipitation of polyvinyl pyrrolidone at 
the surface of the components at the 
moment when they are Introduced Into 
the quenching agent 

Th ® most ©ffectiv® additive iecodRim 
chloride, in a concentration of from 1 00 
to250g/1. 
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SPECIFICATION 

Addftiwe to ©cguoous quenching by immoralon of 
aluminiurro-bDSQ ©Wove 

5 

The present invention concerns an additive for 
aqueous quenching agents for aluminium-base 
alloys. 

In orderto achieve their optimum properties most 
10 aluminium-base alloys having high mechanical char- 
acteristics must be subjected to a aeries of thermal and 
mechanical treatments and in particular a quenching 
operation, which generally follows formation of a 
solid solution, at an elevated temperature usually at 
15 least equal to 430°C 

At the presenttime, the quenching operation is 
carried out using cold, warm or boiling water, 
depending on the particular circumstances involved, 
and the results obtained are not always the best 
20 possible compromise between the mechanical char- 
acteristics required, e.g. the dimensional stability of 
the components and their resistance to stress corro- 
sion. 

It Is tcnown that quenching ferrous alloys {carbon 
25 steels or alloy steels), which is often carried out in 
special oils, can also be performed in aqueous agents 
containing water-soluble organic polymers as addi- 
tives. 

Thus, in 19®), En a marketing brochure. Wyandotte 

30 Chemical Co. recommended using poryoxyalkyiens 
glycols as an additive for quenching agents. The 
substance, which was identified by the registered 
trade mark Ptu racol V 1 0, had a molecular weight of 
from 25000 to 35000. 

35 In 'Metals Handbook*, ft is stated that the addition of 
0.01 % of polyvinyl alcohol to quenching water sub- 
stantially increases the rate of cooling during the 
ca! of action phase. 
French Patent FR-A-1 384244 (equivalent to US-A-3 

40 220 893) to Union Carbide Co. describes aqueous 
agents based on potya Ikylene glycols, with the addi- 
tion of anti-corrosion agents such as nitrite or borates. 

French Patent FR-A-1 525 603 to B-A_S.F„A.G. 
discloses the addition of a water-soluble polymer 

45 containing (-CONH— ) groups, m a proportion of 
from 0.1 to 1 % by weight. 

German Patent Application DE-OS No. 2349 225 
provides for the addition of 0.4 to 10% by weight of a 
polyacrylic acid salt to water. 

50 French Patent FrVA-2 316 336 (equivalent to US-A-4 
087 290) to Houghton & Co. states that the additive can 
also be a water-soluble salt of polyacrylic acid. 

Finally US Patent No. 3 902 929 assigned to Park. 
Chemical Company proposes the use of polyvinyl 

55 pyrrol idone of a mean molecular weight of from 5000 
to 400000, with the addition of nitrite and/or borax 
{[\Ja2B4O7) as an anti-corrosion agent, together with a 
biocidesuch as paraformaldehyde. 
However, none of the above-Identified documents 

60 provides or suggests the possibility of using such 
additives forthe aqueous quenching of aluminium- 
base alloys. 

It is known thatthe operation of quenching alumi- 
nium alloys Involves structural phenomena that are 
65 dlfferentf rom those involved in quenching steels, and 



it is not possible to simply transfer the procedure from 
one situation to the other. 

Efforts haw therefore been made to develop a 
specific aqueous quenching agent for quenching 
70 alu minium alloys that gives She best possfble com- 
promise between the mechanical tensile strength 
characteristics and dimensional stability with respect 
to quenching of thin or precfelon-die-cast compo- 
nents, and between the mechanical tensile strength 
75 characteristics and the residual stresses resulting 
from quenching of thick components. In dealing with 
thin or preclslon-die-cast components an essential 
criterion is iaothermy of the surfaces and the possibil- 
ity of rep roducl ng the cool Ing effects; whan d eali ng 
80 wfth thick components, an essential criterion istho 
attainment of accelerated reproducible cooling rates 
that permit of rapid quenching of the alloys in the 
critical quenching range (4Q0to2E0°Q without 
causing excessive softening of the skin or surface 
85 layerof the metal, in particular at temperatures 
between 500 and 400°C Such compromises are 
achieved by introducing suitably selected additives 
into the quenching water. 
The present invention provides an aqueous quert- 
90 ching agentforquenching components of aluminium 
alloys, comprising, per litre of water, from 5 to 35 g. 
and preferably from 6 to 20 g. of polyvinyl pyrrol I dorra 
together with an additive that in the hot condition, 
causes Instantaneous reversible precipitation ofthe 
95 polyvinyl pyrrofldone on the quenched component. 
Use was made ofthe polyvinyl pyrrolfdone produced 
by Badtsche Anilln and Soda Fabrifc(BASF) under the 
reference "KSO", its mean molecular weight being 
about 700000 and in any case higherthan 400000, 
while It may attain 1 000000. 

The additive may be a water-soluble organic 
substance or a mineral salt that is soluble in water and 
in aqueous solutions of polyvinyl pyrroUdone. Howev- 
er, sodium chloride hasbaen found to be best suited to 
105 carrying the invention into effect The additive may be 
introduced in a proportion of from 5 to 250 g/1 and, 
when the additive is NaCI, 100 to 250 g/i and preferably 
150to200g/L 
tt was found that quenching a cylindrical testplecs of 
110 aluminium alloy by Immersing it in the quenching 
agent according to the present invention had the 
following effects: 

(1 ) With concentrations of polyvinyl pyrrolidone 
(referred to in abbreviated form hereinafter as "PVP") 

115 rangingfrom6to20gyiofwaterandwtththeBddition 
of sodium cloride, the cooling effect achieved was (a) 
of uniformly retarded type with mean cooling rates 
that decrease in proportion to increases in the 
concentration of NaCI (up to 100 g/1) and (b) of 

1 20 uniformly accelerated type (up to 250°C) with rising 
mean cooling rates, when the proportion of NaCI rises 
from 1 50 g/1 to 250 g/1. In that ca ee, ths cooling rate is 
slightly higher (between 500 and 400°C) or lower (in 
- the critical quenching range of 400 to 260°C) than that 

125 achieved by immersion in water at 60°C, in a 
non-agitated condition. 

Therefore, from 150 to 200 g/1 of NaCI should be 
added to the PVP solutions in orderto achieve cooling 
ofthe accelerated type, which Is advantageous in 

1 30 respect ofthe compromise between mechanical 
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properties and quenching 'deformation. 

(2) When the component to be quenched is Im- 
mersed, It f s found that there is progressive and 
reversible precipitation of a thick Insulating layer of 

5 PVPatthesurfaceofthetestpiece(beginningatthe 
bottom), followed by rapid, complete re-dissolution of 
that layer at the end of the cooling phase (at about 1 00 
to 1 60°C) If the proportions of additives dissolved 
remain lower than or equal to 20 g/l of PVP and 250 g/1 
10 ofNaCf. 

(3) Agitation permits of an Increase In the cooling 
rates of solutions containing 1 00 g/l of Nad but ft does 
not cause a significant acceleration in tha cooling rate 
In solutions containing 150to 200 g/J of NaCI, which 

1 5 are therefore substantially insensitive to differences in 
agitation. On the other hand, ft promotes the simul- 
taneous precipitation of the PVP over the entire 
su rfaco of the testplece, which is a priori also 
favourable to reproducibility of the treatments and to 

20 minimizing residual stresses or deformation on com- 
ponents of large dimensions. 

(4) With proportions of NaCI of 1 50 to 200 g/l, the rate 
of cooling Is independent of the PVP content (between 
6 and 20 g/i) and the state of surface oxidation of the 

25 metal. In addition. In contrast to cold water or a fortiori 
hotwater (60°C),the solutions containing PVPin 8 
proportion of 1 2J& g/l + NaCI In proportions of from 
150 to 200 g/l which are prepared underthesamo 
conditions from the same batch of basic substances. 



30 give reproducible cooling effects that are substantially 
insensitive to the temperature of the solution at from 
15to25°C 

The following Tables set out the results of quen- 
ching tests carried out on a spilt tube of AU4G (2017) 
35 and on plats made of 7075, which show the attraction 
afforded by solutions of PVP + salt. 
The test conditions are set out below; 
Optimum concentrations: aqueous solution of PVP 
in a proportion offrom 5 to 20 g/l, preferably 10 to 1 5 
40 0/1, with the addition of 100 to 250 g/l and preferably 
from 1 20 to 200 g/l of NaCL 
EXAMPLE No. y 

This test, which seeks to evaluate deformation due 
to the quenching operation, was carried out on a tube 
46 made of AU4G (201 7), with a length of 230 mm, 0 of 60 
mm and a thickness of 2.5 mm, split along a generatrix 
with 25 mm between tha lips so defined. 

The tube was subjected to a solid-solution treat- 
ment lasting for 1 6 minutes at a temperature of 480*0. 
50 Batches of4tubes were treated. They had been 
quenched by vertical immersion in a 100-Jltra tank 
without agitation. The amount by which the lips had 
cometogether(-) or moved apart (+) was then 
measured, at 5 points at spacing© of 40 mm, and the 
55 average of the 5 measurements over each of the 4 
tubes was used. 

Comparative tests were also carried out, using 
wstsr at 20°C and et 50°C, and air: 
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EXAMPLE No. 2 

Measurements were then made in respect of the 
influence of the quenching operation on the mecha- 
nical characteristics and deformation of metal plates 
made of 7075 (AZ8GU) measuring 400x400x8 mm, 
which were quenched by rapid vertical Immersion in 



65 a 200-iltre tank. The plates had been previously 

subjected to a solid-solution treatment for a period of 
4 hours at a tern perature of 480°C. 

Comparative tests were carried out by quenching 
with water at 20°C and at 60°G The results are as 

70 follows: 
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"Sag" is longitudinal bowing; "Tile-type" is 
transverse bowing. 

It appears therefore that this quenching agent 
considerably improves the compromise in regard to 
5 mechanical strength, deformation on quenching and 
residual stresses. It gives results markedly better and 
more reproducible than those obtained using hot 
water for quench ing. 

It will be appreciated that the components of 
10 aluminium alloys quenched in the above-Indicated 
agent containing NaCI must be subjected to a final 
rinsing with water in order to prevent any risk of 
subsequent corrosion, however slight. 

Although other salts such as borax {f\!a 2 B 4 07) (up to 
15 SO g/l) and sodium sulphate (to 80 g/1) give interesting 
results, only sodium chloride was such as to ensure 
both stability of the quenching agent (it does not 
cause irreversible precipftati on of PVP) and an 
optimum compromise between the various charac- 
20 teristlcs involved. 
CLAIMS 

1 . An aqueous quenching agent based on poly- 
vinyl pyrrolidonefor quenching components of 
aluminium-base alloy that have been previously 

25 raised to a temperature that Is et least equal to 430°C 
and comprising, per litre of water, from 5 to 35 of 
polyvinyl pyrrol! done end from 50 to 250 g of en 
additive causing reversible precipitation of polyvinyl 
pyrrol Idone at the surface of the components at the 

30 mo merit when they are Introduced into the quen- 
ching agent 

2. An aqueous quenching agent as claimed In 
Claim 1 c»rrtainmgfrom8to20g/iof polyvinyl 
pyrrolidone. 

35 3. An aqueous quenching agent as claimed in 
Claim 1 or 2, In which the polyvinyl pyrrolidone has a 
mean molecular weight at least equal to 400000. 

4. An aqueous quenching ©gent as claimed in 
Claim 3, in which the polyvinyl pyrrolidono has a 

40 mean molecular weight that attains 1000000. 

5. An aqueous quenching agent ©s claimed in arty 
preceding claim, In which the additive is sodium 
chloride In a concentration of from 1 00 and 250 g/l. 

6. An aqueous quenching agent as claimed in 
45 Claim 5, in which the sodium chloride concentration 

2s150to250g/L 

7. An aqueous quench! ng agent as claimed in 
Claim 1 substantially as hereinbefore described. 

8. AlumlniurrHbase-alioy components that have 
50 been raised to a temperature of 43tO°C and subse- 
quently quenched using an aqueous quenching 
agent as claimed In any one of the preceding claims. 
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